Objective: Total bilirubin (TB) was recently recognized as an endogenous anti-inflammatory and anti-oxidant molecule. Uric acid (UA) takes part in cardiovascular diseases by inducing oxidative stress, inflammation, and endothelial dysfunction. We assessed the relationship between serum TB levels, serum UA levels, and inflammatory status assessed by neutrophil-to-lymphocyte ratio (N/L) and arterial stiffness and arterial wave reflection in patients with a clinical diagnosis of coronary artery disease (CAD). Methods: We included 145 consecutive patients admitted with stable angina pectoris (SAP) or acute coronary syndrome (ACS). Blood samples were drawn at admission for complete blood count and biochemistry. Non-invasive pulse waveform analysis for the determination of augmentation index (AIx) and carotid-femoral pulse wave velocity (PWV) measurements were performed with the commercially available SphygmoCor system. Results: When patients were divided into tertiles of PWV and AIx, median N/L and median serum UA levels were the highest and mean TB levels were the lowest in the third tertile (p<0.001 for all). AIx and PWV were positively associated with serum UA and N/L and negatively associated with serum TB levels (p<0.001 for all). After adjustments for age, gender, heart rate, systolic blood pressure, and presence of diabetes, significant correlations persisted for N/L, UA, and TB in ACS patients (p<0.05). In the SAP group, TB was significantly negatively correlated with AIx and PWV, and UA was significantly positively correlated with PWV (p<0.05). Conclusion: N/L ratio and serum UA and TB levels might be used to risk-stratify patients with respect to arterial stiffness in CAD patients, especially in the presence of ACS. (Anatol J Cardiol 2015; 15: 396-403) 
Introduction
"Arterial stiffness" collectively describes distensibility, compliance, and elasticity of the arterial vasculature (1) . Carotid-tofemoral pulse wave velocity (PWV) is considered the gold standard method because of its relative ease in determination and reliability (2) . Central aortic pressure wave is composed of a forward-traveling incident wave created by ventricular systole and a subsequent reflected wave from the periphery. Increased aortic stiffness leads to faster transmission of both waves; so, a reflected wave arrives earlier and causes a disproportionate increase in systolic pressure in late systole (3) . Augmentation of the central aortic pressure wave is expressed as augmentation pressure (AP) in absolute terms. Augmentation index (AIx), which is an indirect measure of arterial stiffness, is the AP as a percentage of central pulse pressure (PP) (4) .
Bilirubin, the end product of heme catabolism, was recently recognized as an endogenous anti-inflammatory and anti-oxidant molecule. It has been revealed that bilirubin is a potent scavenger of reactive oxygen species, and it suppresses the oxidation of lipids and lipoproteins (5) . Uric acid, which is generated as the end product of purine metabolism in humans, has also been shown to play a key role in cardiovascular diseases, hypertension, and related conditions by inducing oxidative stress, inflammation, and endothelial dysfunction (6) .
We aimed to investigate if there is any association between serum total bilirubin levels, serum uric acid levels, neutrophil-tolymphocyte ratio (N/L), and arterial stiffness measured by PWV and arterial wave reflection assessed by AIx in patients with a clinical diagnosis of coronary artery disease (CAD).
Methods
This cross-sectional study consisted of 145 consecutive patients who were admitted to our clinic with stable angina pectoris (SAP) or acute coronary syndrome (ACS) and decided to undergo coronary angiography with a clinical diagnosis of CAD between October 2012 and May 2013. Eighty-three patients had SAP, which was defined as angina pectoris and/or angina equivalent symptoms suggestive of CAD, and they had either positive stress test results or other indications for coronary angiography. Twenty-nine patients had an unstable pattern of chest pain suggesting unstable angina pectoris (USAP) with or without ischemic electrocardiographic findings, and 33 patients were admitted with acute myocardial infarction (AMI). AMI was defined according to the latest universal definition of myocardial infarction (7) .
Anthropometric parameters; past medical history; presence of hypertension, diabetes, and hyperlipidemia; smoking habits; family history of CAD; and medications were recorded for each patient. Blood samples were drawn from the antecubital vein at admission for complete blood count (Cell-Dyn 3700, Abbott, USA) and biochemistry analysis UniCell DxC 800, Beckman Coulter USA). Total white blood cell (WBC) count and differential leukocyte count were determined using an automated blood cell counter.
Selective left and right coronary angiography was performed through the femoral artery by standard Judkins technique with 6 Fr catheters (MediCath, Barcelona, Spain) using a GE Innova 4100 (GE Healthcare, Milwaukee, WI, USA).
Non-invasive pulse waveform analysis was performed on the day following coronary angiography with the commercially available SphygmoCor system (AtCor Medical, Sydney, Australia). Peripheral pressure waveforms were recorded from the radial artery, using applanation tonometry with a high-fidelity micromanometer. After the acquisition of 20 sequential waveforms, a validated (8) generalized transfer function was used to generate the corresponding central aortic pressure waveform. Only high-quality recordings, defined as an in-device quality index of 80% and visually acceptable curves by the investigator, were included in the analysis. AP, AIx, and PP were recorded. Entire pulse wave analysis was performed in the sitting position under standardized conditions in the morning hours. Peripheral blood pressure measurements were performed with a validated automated arm blood pressure monitor (Omron M3W, Omron Healthcare), keeping the radial artery at the level of the heart. Blood pressure recordings were taken immediately prior to tonometric measurements. The average of two measurements taken at 5-minute intervals was recorded.
Carotid-femoral PWV was also assessed using the SphygmoCor device (AtCor Medical, Sydney, Australia) as previously described (9) . A measuring tape was used to measure the distance between the carotid and femoral artery recording sites. PWV was calculated automatically by dividing this distance by the time interval between the rapid upstroke in the pulse wave at the carotid and femoral arteries using the peak of the R wave on electrocardiography as a reference point.
Exclusion criteria were prior percutaneous or surgical revascularization; active infectious disease; inflammatory, autoimmune, or connective tissue disease; severe renal disease; any hepatic disease; and rhythm other than sinus.
This cross-sectional study was conducted according to the recommendations of Declaration of Helsinki on Biomedical Research involving human subjects and was approved by the institutional ethics committee. Written informed consent was obtained from each participant.
Statistical analyses SPSS statistical software (SPSS 15.0 for Windows, Inc., Chicago, IL, USA) was used for all statistical calculations. Kolmogorov-Smirnov test was used to test for normal distribution. Continuous variables were given as mean±standard deviation and medians (interquartiles); categorical variables were defined as percentages. Continuous variables were compared by ANOVA and Kruskal-Wallis tests. Spearman's correlation coefficient was used for the analysis of the correlation between AIx, PWV, N/L ratio, serum uric acid, and total bilirubin levels. Partial rank correlation coefficients were calculated using SPSS Syntax coding, adjusting for age, gender, height, heart rate, systolic blood pressure, and diabetes mellitus. For post hoc multiple comparisons where Bonferroni's correction was applied, statistical significance was defined as p<0.017. Otherwise, p<0.05 was considered significant.
Results
Baseline characteristics of the study population, including demographics, cardiovascular risk factors, medications, and hemodynamic data, are provided in Table 1 . Mean age of the study population was 60.1±13.4 and the ratio of females was 46.2%. Seventy-two patients had significant CAD, defined as at least 50% stenosis in at least one epicardial coronary artery; 33 patients had minimal CAD, which meant CAD not fulfilling the criteria for significant CAD. Forty patients were found to have normal epicardial coronary arteries. Tables 2 and 3 demonstrate the serum neutrophil, lymphocyte counts, N/L ratio, serum uric acid levels, and total serum bilirubin levels detected by routine complete blood count and biochemistry analysis separately in SAP and ACS patients with respect to tertiles of PWV and Aix, respectively. Central and peripheral hemodynamic data are also given in these tables. N/L ratio and mean serum uric acid levels were the highest in the 3 rd tertile of PWV and AIx, both in SAP and ACS patients, whereas mean serum total bilirubin levels were the lowest. Normal reference values were 1.8-7 mg/dL for serum uric acid and 0-1.4 mg/ dL for total serum bilirubin in our laboratory. Only two patients had out-of-range serum total bilirubin levels just above the upper limit. Eighteen patients had high serum uric acid levels; 10 of them had values between 7-8 mg/dL, 5 patients had values between 8-9 mg/dL, and 3 patients had values between 9-10 mg/dL.
AIx and PWV were both positively associated with serum uric acid and N/L ratio and negatively associated with serum total bilirubin levels ( Fig. 1, 2 ). The correlation analysis was repeated after adjustments for age, gender, heart rate, systolic blood pressure, and presence of diabetes, which could have affected the analysis. Significant associations were found to persist in the entire study population. However, when the analysis was performed separately for SAP and ACS patients, the significant correlations between PWV, Aix, and N/L disappeared in SAP patients. In addition, the relation between serum uric acid and AIx nearly lost its significance, and the association between serum total bilirubin and PWV was severely weakened in patients with SAP (Table 4a, b) .
We also searched for the correlation between Gensini score, which shows the extent of CAD, and N/L ratio, serum uric acid, and total bilirubin levels. Higher N/L ratio and serum uric acid levels and lower total bilirubin levels were associated with higher Gensini scores ( Hb, g/dL 13.6±1. ALT -alanine amino transferase; AIx -augmentation index; Anti-HT -anti hypertension; AP -augmentation pressure; AST -aspartate amino transferase; BMI -body mass index; BUN -blood urea nitrogen; DBP -diastolic blood pressure; DM -diabetes mellitus; FH -family history; Hb -hemoglobin; HDL -high-density lipoprotein; HPL -hyperlipidemia; HR -heart rate; HThypertension; GGT -gamma-glutamyl transferase; LDL -low-density lipoprotein; MPV -mean platelet volume; N/L -neutrophil-to-lymphocyte ratio; PP -pulse pressure; PWV -pulse wave velocity; SBP -systolic blood pressure; TG -triglyceride; WBC -white blood cell count 
Discussion
In this cross-sectional study, we demonstrated that patients with increased arterial stiffness and arterial wave reflection had higher N/L ratio, higher serum uric acid levels, and lower serum total bilirubin levels both in stable and unstable clinical conditions. We report significant associations between N/L ratio, serum uric acid levels, PWV, and Aix, highlighting the role of inflammation on large vasculature. We also report significant negative correlations between serum total bilirubin levels, PWV, and Aix, which points to the antioxidant protective role of bilirubin against arterial stiffening in patients with CAD. All of these associations persist in ACS patients after adjustments for possible confounders, like age, gender, height, heart rate, systolic blood pressure, and diabetes mellitus.
Bilirubin has emerged as a novel biochemical tool, the higher physiological levels of which have been shown to be protective against coronary atherosclerosis. Lower levels were associated with overt CAD and stroke (10) . It was also shown that total serum bilirubin levels were associated with the presence, severity, and extent of atherosclerotic plaques detected by coronary CT angiography in patients with known CAD (11) , and this finding was also supported in the present study, reporting a significant negative correlation between total serum bilirubin and Gensini score. One step further, studies investigating the association between arterial stiffness and serum bilirubin levels have been conducted recently. Zhu et al. (12) showed that brachial-ankle PWV (baPWV) decreased with increased levels of total bilirubin in patients with CAD, and Li et al. (13) reported that total serum bilirubin concentration was negatively associated AIx -augmentation index; ALT -alanine aminotransferase; AP -augmentation pressure; AST -aspartate aminotransferase; BUN -blood urea nitrogen; DBP -diastolic blood pressure; Hb -hemoglobin; HR -heart rate; GGT -gamma-glutamyl transferase; MPV -mean platelet volume; N/L -neutrophil-to-lymphocyte ratio; PWV -pulse wave velocity; SBP -systolic blood pressure; WBC -white blood cell count. 1-significant difference between PWV tertile I -PWV tertile III, PWV tertile II -PWV tertile III. 2-significant difference between PWV tertile I -PWV tertile II, PWV tertile I -PWV tertile III. 3: significant difference between PWV tertile I -PWV tertile III. 4: significant difference between PWV tertile I -PWV tertile II, PWV tertile I -PWV tertile III, PWV tertile II -PWV tertile III. 5: significant difference between PWV tertile I -PWV tertile II. 6: significant difference between PWV tertile II-PWV tertile III. p<0.05 is considered significant. For the parameters expressed in medians, Bonferroni's correction is applied, and p<0.017 is considered significant with arterial stiffness assessed by non-invasive baPWV measurement in Chinese men.
There are possible mechanisms to explain the protective role of bilirubin against increased arterial stiffness. The bile pigments biliverdin and unconjugated and conjugated bilirubin exert their antioxidant role by the scavenging of peroxyl radicals, inhibition of membrane lipid peroxidation, and scavenging of reactive nitrogen species in vitro (14) . Heme oxygenase, the catalytic enzyme of bilirubin, is the rate-limiting enzyme in the degradation of heme, which causes the formation of biliverdin, free ferrous iron, and carbon monoxide. It is suggested that heme oxygenase-1 (HO-1) and heme degradation products can attenuate complement-mediated inflammation and protect human vascular endothelium against complement-mediated injury and preserve vascular nitric oxide (15) . In addition, it has been recently shown that matrix metalloproteins, the overactivity of which results in increased arterial stiffness, can be downregulated by HO-1 (13) .
There are studies that report uric acid as a determinant of arterial stiffness, partly independent from atherosclerosis risk factors (16) . Although the exact mechanism has not been elucidated, pro-oxidant effects, endothelial dysfunction through a decrease in nitric oxide production, and vascular and systemic inflammation are mostly blamed (17) . Hsu et al. (18) recently reported that uric acid was independently associated with arterial wave reflection and central systolic blood pressure. Our findings are in accordance with previous studies relating uric acid with increased arterial stiffness and arterial wave reflection.
We also report higher N/L ratios with increasing stiffness indices, which supports the role of inflammation on vascular AIx -augmentation index; ALT -alanine aminotransferase; AP -augmentation pressure; AST -aspartate aminotransferase; BUN -blood urea nitrogen; DBP -diastolic blood pressure; Hb -hemoglobin; HR -heart rate; GGT -gamma-glutamyl transferase; MPV -mean platelet volume; N/L -neutrophil-to-lymphocyte ratio; PWV -pulse wave velocity; SBP -systolic blood pressure; WBC -white blood cell count 1-significant difference between AIx tertile I -AIx tertile III, AIx tertile II -AIx tertile III. 2: significant difference between AIx tertile IAIx tertile II, AIx tertile I -AIx tertile III. 3: significant difference between AIx tertile I -AIx tertile III. 4: significant difference between AIx tertile I -AIx tertile II, AIx tertile I -AIx tertile III, AIx tertile II -AIx tertile III. 5: significant difference between AIx tertile I -AIx tertile II. 6: significant difference between AIx tertile II-AIx tertile III. 7: significant difference between AIx tertile I -AIx tertile II, AIx tertile II-AIx tertile III. p<0.05 is considered significant. For the parameters expressed in medians, Bonferroni's correction was applied, and p<0.017 is considered significant stiffness. Endothelial adhesion of inflammatory cells is an early step in the development of vascular disease and causes subsequent local vascular inflammation (19) . Stimulated leukocytes adhere and penetrate vascular intima more easily and release hydrolytic enzymes, growth factors, and cytokines, thus causing vascular damage (20) . In addition, it was suggested that a higher N/L ratio indicated a higher ratio of sympathetic-to-parasympathetic activity, because adrenergic receptors are abundant on granulocytes, whereas cholinergic receptors predominate on lymphocytes (20) . The sympathetic nervous system plays a major role in the vascular tone by releasing neurotransmitters on arterial smooth muscle (21) , and sympathetic overactivation is associated with endothelial dysfunction (22) . Renal denervation has recently been shown to cause a decrease in AIx independently of the blood pressure-lowering effects (23) . Significant associations between PWV, Aix, and N/L were found to disappear after adjustments according to possible confounders in SAP patients in contrast to ACS. Inflammation is important in all stages of coronary atherosclerosis, and N/L has recently been shown to be significantly associated with more N/L -neutrophil-to-lymphocyte ratio; PWV -pulse wave velocity; T. bilirubin-total bilirubin. P<0.05 is considered significant Table 4b . Correlation coefficients for the association between pulse wave velocity and neutrophil-to-lymphocyte ratio, serum uric acid, and total bilirubin levels, unadjusted and after adjustments for age, gender, systolic blood pressure, and diabetes extensive CAD both in SAP and ACS (24) . In the present study, we also found a significant correlation between Gensini score and N/L, which is more powerful in ACS. In SAP, the inflammatory process is less active than in ACS, which is tentatively the reason why N/L loses its significance after correlations for PWV and AIx were adjusted for possible confounders.
Study limitations
The main limitation of this study is the cross-sectional design, which prevents us from inferring an exact mechanistic explanation for the relation between arterial stiffness and serum bilirubin, uric acid concentrations, and N/L ratio. In addition, arterial stiffness is influenced by hypertension, diabetes, and medications, which could confound the analysis. Especially, uric acid has a well-studied relation with hypertension. However, we performed the appropriate statistical adjustments, considering the possible confounders that could lead to bias. Finally, this is a single-center study including a relatively limited number of patients. We did not have the opportunity to measure serum levels of other inflammatory markers, like hs-CRP, or more investigational biomarkers of inflammation, like interleukins, adhesion molecules, selectins, and TNF-α.
Conclusion
Although this study can not provide information about causality, the hypothesis is that N/L ratio, serum uric acid, and bilirubin levels might be used to further risk-stratify patients with CAD with respect to arterial wave reflection and arterial stiffness, especially in patients with ACS. Prospective large-scale studies may show if such an approach provides any clinical benefit in terms of predicting morbidity and mortality. N/L -neutrophil-to-lymphocyte ratio; T. bilirubin -total bilirubin. P<0.05 is considered significant Table 5 . Correlation coefficients for the association between Gensini score and neutrophil-to-lymphocyte ratio, serum uric acid, and total bilirubin levels 
